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However, refined estimates indicate that lower levels emanate from coal combustion in power plants. 3 More than 90% of electricity generated in South Africa is from coal-fired power plants that are considered to be the biggest source of mercury in the country as they consume 112 Mt of coal annually, and release 9.8 t of mercury. Comparing the per capita emissions of mercury from coal-fired power plants in South Africa to those in Canada, China, Europe, Mexico, Poland, Russia and the USA, South Africa is ranked second. 3 South Africa is also a major producer of gold but production has declined from between 600 and 700 t in 1985 to between 300 and 400 t in 2004. 4 Since 2007, China has surpassed South Africa as the world's largest gold producer. 5 It is estimated that gold production from large and small-scale mining in Africa accounts for about 45% of total mercury emissions on the continent. 3 Other sources of mercury exposure include releases from dental fillings containing mercury, consumption of contaminated fish and breakage of mercury-containing devices such as thermometers and fluorescent lights. 6 Mercury is toxic even at low concentrations, 7 particularly the organic form of mercury called methylmercury, which accumulates in the food chain. Methylation of inorganic mercury in the environment into organic mercury occurs in the presence of sulphate-reducing bacteria under anaerobic conditions, e.g. in underwater sediments.
The extent of mercury exposure in communities in South Africa is largely unknown. Dalvie and Ehrlich 8 studied the effect of mercury inhalation in a community in Cape Town. Mercury concentrations in urine samples from residents in the vicinity of waste sites and fossil fuel-burning operations were compared with those from a control area. Although the median concentrations of mercury in the urine found in both groups were below the World Health Organization (WHO) guideline value of 5 µg/g creatinine, a statistically significant difference (p<0.05) was noted between the two groups, the exposed group having higher concentrations than the control group (median 1.1 v. 0.25 µg/g creatinine; 90th percentile 6.7 v. 2.4 µg/g creatinine).
A study in Peru, focusing on smelters and those living in the vicinity (N=33), found high levels (mean 728 µg/l) of mercury in the urine of those directly involved in smelting (N=6), compared with controls (4 µg/l). 9 In Tanzania, urinary mercury concentrations found in 36% of individuals (N=45) involved in amalgamation were between 50 and 100 µg/g creatinine, with 4 samples >100 µg/g creatinine. The mean mercury level in control urine samples was 5 ug/g creatinine. 10 In a small-scale gold mining community in the Philippines, 39 adults and 14 of their children under the age of 12 years were studied; 19 men were directly exposed to mercury, while the remaining adults were indirectly exposed. The highest mean blood mercury levels (15 ng/g creatinine) were found in the directly exposed adults, compared with the indirectly exposed adults (9 ng/g creatinine) and children (7 ng/g creatinine). Objectives. To establish whether a specific community in a gold mining area, with potentially associated small-scale gold mining activities, was exposed to mercury.
Methods. The community was situated in Mpumalanga, where some potential sources of mercury emissions may have an impact. Adults ≥18 years were considered eligible. Biological monitoring, supported by questionnaires, was applied. Thirty respondents completed the questionnaire which covered demographics, energy use, food and water consumption, neurological symptoms, and confounders such as alcohol consumption and brain injuries. Mercury levels were determined in 28 urine and 20 blood samples of these respondents.
Results. Three (15%) of the blood samples exceeded the guideline (<10 µg/l) for individuals who are not occupationally exposed, while 14 (50%) of the urine samples exceeded the guideline for mercury in urine (<5.0 µg/g creatinine) for those not exposed occupationally. The cause of these elevated levels is unknown, as only 20% of respondents indicated that they used coal as an energy carrier. Furthermore, nobody from the community was reportedly formally employed in a goldmine. Nineteen (63%) respondents consumed locally caught fish, while 20 (67%) drank water from a river.
Conclusions. Some individuals in this study may be occupationally exposed to mercury through small-scale gold mining activities. As primary health facilities will be the first point of entry for individuals experiencing symptoms of mercury poisoning, South African primary health care workers need to take cognisance of mercury exposure as a possible cause of neurological symptoms in patients. We report on a pilot study conducted in Mpumalanga province. The availability of data on mercury levels in the local water and fish contributed to the selection of this community. Our purpose was to establish whether a specific community in a gold mining area, with potentially associated small-scale gold mining activities, was exposed to mercury. We concluded that individuals in this community may be exposed to mercury levels similar to those occurring in an occupational environment, and these results could therefore be used to improve management of human health and environmental risks from mercury exposure.
Materials and methods

Study area and population
The study area was selected close (within a 5 km radius) to formal gold mining activities in Mpumalanga province, where 8 of the country's 10 coal-fired power plants operate. The study population was from a community close to a river, from which they obtained water and fish for daily consumption. The predominant languages spoken by respondents were Swazi (77%), Tsonga (13%) and Zulu (10%); 63% of the people had lived in this area for more than 10 years. The community lived in unplanned and informal dwellings, situated far apart and in dense vegetation, making it impossible to determine the extent of the population and the number of households in the area.
Study design
A cross-sectional study was planned but, owing to the distribution of dwellings, it was not possible to locate individual households for random selection. We therefore decided to inform residents about a planned visit during which individuals possibly exposed to mercury could be identified. Community members were requested to gather at a specific time and place. This exercise was repeated 3 times, and the 30 individuals who participated voluntarily therefore formed the sample size. As sampling was not random, but relied on individuals who arrived for sampling, this is a form of participation bias that limits the type of inferences possible. If individuals with elevated levels of mercury were found, it may be inferred that such levels exist within this community. However, quantifying the extent (prevalence) of such elevated levels within this community based on the proportion found in the study group would not be possible.
Data collection
The study was approved by the Ethics Committee of the University of Pretoria (certificate number 108/2007). Data collection consisted of biological monitoring and interviews with consenting community members ≥18 years old.
One trained field worker conducted the interviews by means of a structured questionnaire based on published questionnaires used in studies on mercury exposure, 12 after written informed consent from the respondents. It comprised 6 sections (variables indicated in Table I ): demographics, living conditions, exposure parameters, lifestyle, health outcomes and possible confounders of mercury exposure (such as brain injuries and alcohol consumption) that may cause symptoms resembling those of mercury poisoning.
A registered nursing sister collected 'spot' blood samples (in ethylene diamine tetra-acetic acid (EDTA) vacuumed tubes) and urine samples (in sterile polypropylene bottles) from respondents. A total of 20 blood samples and 28 urine samples were collected; 18 respondents gave blood and urine samples, 2 gave only a blood sample and 10 only a urine sample.
Ampath, a South African National Accreditation System (SANAS) accredited pathology laboratory, performed total mercury (HgT) analysis using atomic absorption spectroscopy (AAS), coupled with a hydride generation system. Urinary mercury concentrations were adjusted for urinary creatinine concentrations to compensate for hydration state.
Community residents consumed water and fish from a nearby river. A monitoring study at the same river, conducted by the CSIR within 6 months of this study, detected mercury levels in fish and water that were below the guideline values for consumption.
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Data management
Completed questionnaires were coded and entered into EpiData using the double-data entry method. Categorical data were summarised by means of frequencies and percentages. Data were analysed using Stata Release version 10.0. Data were tested for association with risk or environmental factors using Pearson's chi-square test or, when applicable, Fisher's exact test. The crude (unadjusted) odds ratios (ORs) along with their 95% confidence intervals (CIs) were also determined.
Results and discussion
Study population profile
Questionnaire responses provide the descriptive statistics for demographics and exposure profiles (Table Ia) . A contract worker on a farm and a tuck shop owner indicated that they were employed at the time. Seventy-four per cent of all respondents, irrespective of the source of their drinking water, indicated that they consumed between 1 and 2 l of water per day. Regarding whether a respondent had ever had contact with mercury (as a miner or otherwise), only 3 had previous training in mining activities, and 1 individual had possible exposure for up to 20 years. None used coal for space heating; 3 of the 14 respondents with elevated mercury levels in their urine used coal for cooking.
Table Ib provides descriptive statistics for lifestyle, health status and possible confounders, using questionnaire responses. Concerning possible brain injury as a confounding factor, 3 of the 6 individuals who indicated that they were ever unconscious for >1 hour after an accident, had elevated mercury levels.
Blood and urine analysis
Mercury levels in the 20 blood samples ranged from <0.5 to 24.0 µg/l (median 2.35 µg/l). The normal level for those who are not occupationally exposed is <10 µg/l (Table II) . In a study in the USA, the geometric mean of total blood mercury in individuals ≥1 year was <1 ug/l. 17 Fig . 1 depicts the results of the urine mercury analysis: 28 urine samples were collected, and mercury levels ranged from 0.5 to 63.5 µg/g creatinine (median 6.2 µg/g creatinine). The urine mercury levels expressed as µg/l urine ranged from <0.5 µg/l to 181.1 µg/l. Some results exceeded even occupational limit values of the South African occupational and nonoccupational exposure guideline values for mercury in urine (Table II) .
When mercury levels in urine are >40 µg/l, symptoms such as fever, tremors, mood swings, insomnia and acrodynia (pink disease in children) may develop; at levels >60 µg/l, additional respiratory symptoms may develop. Below 40 µg/l, symptoms are thought to be unlikely. 6 However, a study in Sweden 18 reported central nervous system symptoms involving 96 occupationally exposed individuals with a median mercury level in urine of 25 µg/g creatinine. Another study found renal effects in workers with levels >20 µg/g creatinine. 19 Five of the 7 individuals in our study who confirmed that they had previously worked as miners or had contact with mercury, had elevated mercury levels in their urine, ranging from 9 µg/g creatinine (or 19.8 µg/l urine) to 63.5 µg/g creatinine (or 76.2 µg/l urine). The latter result was from an individual who also had an elevated blood mercury level of 24 µg/l and who indicated that he had been occupationally exposed for up to 20 years.
Despite few respondents indicating that they had had contact with mercury at some stage in their lifetime, 14 had elevated mercury levels in either their urine, blood or both. They were referred to the occupational outpatient clinic at a nearby hospital. Because random sampling was not possible, this study could not determine the prevalence of mercury exposure in the community. However, some community members are being exposed to mercury, possibly attributable to mercury used in the mercury-gold amalgamation process used in small-scale gold mining activities.
Variables that showed elevated crude odds ratios
The results of the urine samples were divided according to the South African guidelines for mercury in urine for different exposure groups (Table II) . Blood samples that exceeded the guideline for individuals not occupationally exposed were defined as 'elevated' (Table III) . 13 which is below the South African target water quality guideline of 1000 ng/l (1 µg/l) for domestic use. 15 ‡ Concentrations of HgT in fish sampled from the local river ranged from 0.12 to 0.34 µg/g. 13 These levels were below the WHO guideline of 0.5 µg/g for mercury in fish consumed by humans. 16 June 2010, Vol. 100, No. 6 SAMJ Logistic regression analyses were performed, and crude ORs >1.5 for risk factors associated with the groups representing elevated blood and urine levels are shown in Table III . None was statistically significant, possibly owing to the small study population, which was also the reason for the wide CIs. However, the biological monitoring indicated that both exposed and non-exposed individuals were included, which suggests sufficient variability. Therefore, factors that showed elevated crude ORs may be regarded as indicative of potential risks warranting further investigation.
Previous contact with mercury (e.g. having burnt amalgam at some stage and being a smoker) nearly doubled an individual's risk of having urine mercury levels ranging between 5.1 and 35 µg/g creatinine (Group 1), while consuming alcohol monthly and having ever had an accident where the individual was unconscious for >1 hour, constituted a nearly four times higher risk. Having a metallic taste in the mouth and often feeling sad were associated with about a 3 times higher risk of having mercury levels in urine between 5.1 and 35 µg/g creatinine. Previous contact with mercury was associated with a 4 times higher risk of having mercury in urine >35 µg/g creatinine (Group 2). Being a smoker and having ever had an accident where the individual was unconscious for >1 hour was associated with a 7 times higher risk, while feeling sad was associated with a 3 times higher risk. There was a 4 times higher risk of having elevated blood mercury levels if there had been previous contact with mercury and a metallic taste in the mouth. Difficulty to concentrate was associated with twice the risk of elevated blood mercury levels. Being a smoker and having had an accident and being unconscious for >1 hour increased the risk 5 and 2 times, respectively.
Being a smoker alone does not cause direct exposure to high levels of mercury. However, a smoker who handles mercury may be exposed via hand-to-mouth contact. Alcohol consumption and brain injuries are regarded as confounders rather than risk factors for elevated mercury levels in blood and urine.
Implications of elevated mercury levels found in biological samples
Fifteen per cent of the blood samples and 50% of the urine samples exceeded the guidelines for individuals not occupationally exposed (Table II) .
The cause for the elevated mercury levels cannot be explained by the following known exposure factors for mercury: coal is not the preferred domestic energy carrier used by the community; mercury concentrations detected in the river water and fish samples were below guideline values for human consumption; and none of the respondents was formally employed, indicating that they were not occupationally exposed at the time of the study.
Since most respondents had no schooling or other formal education, and only 2 were employed, the use of mercury in small-scale gold mining activities could be responsible for the elevated mercury levels in their blood and urine. However, small-scale gold mining is illegal in South Africa, which could have caused reluctance to admit involvement.
Approximately 20 000 miners participate in artisanal smallscale gold mining (ASM) activities in South Africa. 20 The use of mercury increases with ASM activities because it is used to make an amalgam with gold during ore processing. Gold amalgamation is popular among small-scale miners because it efficiently extracts fine gold particles from the mining concentrates, and the equipment is inexpensive. The amalgam is then heated in an open container or a closed retort. Elemental mercury (Hg 0 ), the main form of mercury released to the air by ASM, is very volatile and contributes to the anthropogenic pool of mercury. 12 For every gram of gold produced through small-scale gold mining, 1.2 -1.5 g of mercury is emitted to the environment, of which 70 -80% is to the atmosphere. 21 Small-scale gold miners are probably unaware of the dangers of using mercury in the amalgamation process but, lacking capital, they may have no alternative. This may lead to participants in small-scale mining operations ignoring issues related to health, safety and environmental management.
The lack of reliable data on small-scale mining sites, their production figures, total number of workers, age, gender, and cultural perceptions, limits the development of effective assistance programmes and the improvement of their safety and health performance. Contributing to this problem is that these operations are often illegal in South Africa; such miners invariably do not have a mining permit or other form of authorisation from the Department of Minerals and Energy (DME), or permission from the owners of the ground on which they operate. The extent of the problem is therefore unknown and very difficult to address, especially from a human health perspective.
Illegal mining poses several problems; for example, if an illegal miner dies on mine property, the matter may become the responsibility of the mine owner. Illegal miners also encourage illegal dealing in mercury supply and cross-border sale of gold. Revenues generated from illegal mining will not be subject to South African taxation, which could be a further incentive to continue mining illegally. 
Conclusion and recommendation
Despite not being able to determine the prevalence of mercury exposure in the specific community because random sampling was not possible, this study concurs with findings of elevated mercury levels in individuals occupationally exposed to mercury. Therefore, we can conclude that the individuals in this study may be similarly exposed to mercury possibly from small-scale gold mining activities. This practice will probably continue while poverty drives the miners to continue such operations. As primary health facilities will be the first point of entry for individuals experiencing symptoms of mercury poisoning, workers at these facilities should be equipped to correctly diagnose and refer such individuals.
